Abstract. 1. Sown wildflower strips are increasingly being established in European countries within agri-environmental schemes to enhance biodiversity, especially in intensively used agricultural areas.
Introduction
The intensification of agriculture over recent decades has caused a severe decline of biodiversity in agricultural landscapes throughout Europe. Habitat destruction, habitat deterioration by intensification and the consequential change of landscape patterns has caused the loss or decline of many species (Kruess & Tscharntke, 1994; Stoate et al., 2001; Jongman, 2002) . Agricultural policies in Europe have therefore been adopted in an attempt to mitigate the impact of agriculture on biodiversity with the help of cross compliance rules and agri-environmental schemes (AES). The benefits of these schemes for biodiversity have recently been disputed, especially with regard to their very high costs (Kleijn & Sutherland, 2003; Berendse et al., 2004; Whitfield, 2006; Whittingham, 2007) , but it has been argued that they have often been judged according to criteria, such as the conservation of rare species, for which they were not designed . Both positive and zero effects of AES on certain aspects of biodiversity have been revealed by the increasing number of studies on this topic (e.g. Feehan et al., 2005; Kleijn et al., 2006; Albrecht et al., 2007; Kohler et al., 2007) .
Sown wildflower strips have been introduced as agri-environmental measures in several European countries to enhance biodiversity. The strips are usually sown with seed mixtures of wild flowers on arable land along field boundaries. The width, the species mixtures and the management of the strips vary between countries according to the current regulations. Sometimes these seed mixtures are also used on set-aside land, to produce habitats known as 'wildflower areas'. The seed mixture contains either wildflower seeds alone or in combination with grass seeds. Additionally, there exist schemes with sown strips containing mostly legume species to benefit bees and bumblebees in particular (called pollen & nectar mixture), and sown grass margins containing only seed mixtures of grasses. There is no uniform term for sown wildflower strips or wildflower areas, and they are also known as (sown) wildflower margins, wildflower resource patches, flowering strips, flowering plant strips, (artificial) flower-rich margins or borders, sown weed strips, improved field margins, sown field margin strips, or wildlife seed mixture margins.
Sown wildflower strips are in several ways an atypical agrienvironmental measure because these strips are not a semi-natural habitat that existed in agricultural landscapes in that form before the 1990s. Most AES are directed towards the management, restoration or re-creation of semi-natural habitats that occurred in the agricultural landscape of the particular country before post-war intensification. In that perspective, sown wildflower strips are, at least in Central and Northern Europe, a rather new landscape element. In some countries, for example the UK, hay meadows are used as a model for the creation of wildflower strips. Elsewhere, including Switzerland and Germany, certain types of wildflower strips are sown without grass seeds and therefore have a quite different species composition than meadows. In these cases, there are no 'traditional' examples for the creation and management of sown wildflower strips, so seed mixtures and management have to be designed to fulfil the intended biodiversity objectives.
Sown wildflower strips are often directed in particular towards insect conservation. Besides enhancing biodiversity in the agricultural landscape, there are two crucial aims concerning insects that are mentioned as reasons for establishing wildflower strips: favouring pollinators to ensure crop pollination and contributing to biological pest control by favouring predators. The importance of invertebrate conservation because of their significance for ecosystem services has recently been highlighted (Haslett, 2007) . Other objectives are to increase plant diversity at field margins, to support birds by providing food resources in the form of seeds and invertebrates, and to enhance amenity by creating areas with attractive flowers (Scott, 1996; Marshall & Moonen, 2002; Jacot et al., 2007) .
Like many groups, insect populations have declined rapidly in agricultural landscapes in Europe. In the case of pollinators this has been shown to have a negative effect on agricultural production of some crops, including field bean and oilseed rape (Aizen et al., 2009) . Bumblebees, for example, have decreased throughout Northern and Central Europe (Backman & Tiainen, 2002; Mand et al., 2002; Carvell et al., 2006a Carvell et al., , 2007 Fitzpatrick et al., 2007; Kosior et al., 2007; Goulson et al., 2008) . The causes for the decline are seen in the loss of habitat and foraging opportunities. Perhaps one of the best-documented declines of insects is that of butterflies and moths (Maes & Van Dyck, 2001; Conrad et al., 2006; van Swaay et al., 2006; Wenzel et al., 2006; Kuussaari et al., 2007; Polus et al., 2007; Nilsson et al., 2008) , with habitat loss and fragmentation -especially of semi-natural meadows and pastures -given as the main reasons. The picture is similar for other insect groups, for example beetles (Kotze & O'Hara, 2003) , bugs (Frank & Ku¨nzle, 2006) and bees (Biesmeijer et al., 2006; Kohler et al., 2007) , and the general homogenisation of the agricultural landscape is seen as one important factor driving these trends (Benton et al., 2003; Tscharntke et al., 2005; Diekotter et al., 2008) .
Here, we provide an overview of studies on sown wildflower strips and their effect on insect abundance and diversity, to evaluate their value as an AES. We begin with a brief description of AES in several European countries to illustrate the variation in approaches to the design and management of wildflower strips. We then review published studies that compare insect abundance and diversity in sown wildflower strips and alternative field margin types on arable land, and finish by discussing the implications for the design of wildflower strips for insect conservation.
Materials and methods
A short overview of sown wildflower strips as AES in EU countries in Central and Northern Europe was used to compare the different designs and management strategies. The major sources of information were the 'Rural development programmes' for the years 2007-2013 of the EU member states. These programmes, which each EU member state is obliged to prepare and which have to be acknowledged by the EU commission, include a description of the regulations for all the AES. It was not possible to compare the programmes of all concerned EU member states because of language constraints (English versions were not always available) and lack of availability (no downloads available via internet and no reply on requests to send electronic files or a paper version).
To contrast insect abundance and diversity in wildflower strips in comparison with other habitat types, literature searches within the ISI Web of Science were carried out in June 2008 and throughout autumn 2008 with the following key words: wildflower strip or wild flower strip; sown strip; sown margin; wildflower margin or wild flower margin; wildflower mixture; wildflower area or wild flower area. From the resulting articles, a selection was made of those focusing on insect diversity in sown wildflower strips. By far the majority of articles were from Europe and overwhelmingly from the UK and Switzerland, which both have had schemes for a long period. It was therefore decided to restrict this review to Central and Northern Europe.
A simple meta-analysis was carried out on the collection of studies, using binomial sign tests to determine if a significant majority of studies showed a positive or negative effect of wildflower strips on abundance and on diversity in comparison with each alternative habitat type. Tests were two-tailed, and studies that reported no difference was treated conservatively by assigning a half count to positive and half to negative.
Results

Sown wildflower strips and areas as agri-environmental schemes in different European countries
There are several countries in which sown wildflower strips or areas are established by farmers within AES (Table 1) . The UK has a long tradition of establishing these areas (Scott, 1996; Boatman et al., 1999) , and today farmers have several options for sowing margins on arable land or set aside (a short overview is given in Pywell et al., 2007) . There exist schemes for establishing and maintaining 2-6 m wide buffer strips sown with a grass mixture and strips sown with a pollen and nectar flower mixture (at least 6 m wide). Pollen and nectar seed mixtures can also be applied on set-aside land. Within supplementary schemes strips can be sown with a recommended seed mixture containing grass and wildflower species. There is also the option for allowing natural succession on field margins. Management regulations vary between the different schemes, but generally fertilisation is prohibited, herbicide application is -if not totally forbidden -limited to spot-treatment of certain weeds, and cutting is reduced to a maximum of once per year, sometimes less. Pollen & nectar strips ⁄ areas can be grazed in autumn and winter.
In Switzerland, sown wildflower strips and areas have also been established for over 10 years (Nentwig, 2000; Pfiffner & Wyss, 2004) . The approach is unique in one aspect, as most farmers use the same seed mixture, which contains 24 wildflower species and no grass seeds. There is, however, also a seed mixture with 37 plant species available (Pfiffner & Wyss, 2004) . Winter mowing is recommended to farmers on a voluntary basis, but in many cases there is no form of management besides spot-treatment of certain weed species. After a maximum of 7 years the strips have to be ploughed. At that time succession has often gone so far that the strips are dominated by grasses or one of the included species, Dipsacus fullonum (Dipsacales: Dipsacaceae), and invaded by bush and tree species. Nentwig (2000) gives a comprehensive overview of studies carried out in wildflower strips. A new form of sown wildflower strip, called 'improved field margins', was introduced in 2008 as an AES (Jacot et al., 2007) . The novel features are the seed mixture, which also contains grass species, and the management, as annual cutting is recommended (of half the margin). Swiss farmers are obliged to manage at least 7% of their used agricultural land as 'ecological compensation areas'. Sown wildflower strips are one option, but 80% of ecological compensation areas are extensive grasslands, i.e. without manure treatment and cut after 15 June (Lips et al., 2000; Aviron et al., 2007a) . Note that farmers receive greater subsidies, if their ecological compensation areas are part of a designed network.
Germany and Austria have more recently adopted sown wildflower strips and areas in their agri-environmental programmes. In both countries they were already established within contract farming (e.g. Kromp et al., 2004) . In Germany, the programmes vary between different states (La¨nder), but several have schemes for sown wildflower strips (established for one or several years). As in the UK, management is reduced to no or few cuttings, and fertiliser and herbicide application is forbidden. In some cases, cutting is only allowed to reduce weeds and permission has to be requested. Recommended seed mixtures may contain more than 30 plant species (as for example in Niedersachsen). In Austria, sown wildflower strips are one of the many environmental measures in the second Austrian development programme, and farmers are obliged to establish wildflower areas on at least 2% of their arable land. Cutting is recommended once a year.
In Sweden, there have been few programmes for enhancing biodiversity in field margins. The proportion of land used for arable is small and focus is more directed towards preservation of grasslands and wetlands. Nevertheless, since 2007 farmers in Sweden have the option to sow special seed mixtures on set-aside land within certain regional programmes. The possibility to sow wildflower strips within buffer strips along watercourses is under discussion. Finland also has -at least since 2007 -a scheme for so called 'landscape set asides' with the objective to contribute to landscape heterogeneity. On these set-asides flowering plants such as Phacelia (Solanales: Hydrophyllaceae), cornflowers or corn poppies are recommended. Sown wildflower strips along field margins exist only rarely in Scandinavian countries.
Insect abundance and diversity in sown wildflower strips compared with other habitats Table 2 gives an overview of studies investigating insect abundance, diversity or other ecological aspects in wildflower strips. The most common approach was to compare wildflower strips with crop (or crop edges) and ⁄ or other margin types (Table 3) . The comparisons involve grassland habitats (3 studies), sown grass strips (11 studies), margins with natural regeneration (7 studies) and strips sown with pollen-and nectar-rich plants (3 studies). Twelve studies investigated more than one type of wildflower strip, which could vary in seed mixture (eight studies) or age (six studies). Seed mixtures within the same study could differ as following:
1 wildflower species only and wildflowers combined with grasses, three studies, 2 wildflower species and grasses, but different types of grasses (fine leaved or tussock), three studies, 3 different proportions of different plant species, two studies.
Higher abundances of insects in wildflower strips or patches compared with crop edges or crop was shown in 14 out of 16 comparisons, and higher diversity in 11 out of 13 (a significant majority in both cases, Table 4 ). Two studies found higher abundances and diversity in cropped habitats. Sutherland et al. (2001) detected higher numbers and diversity of syrphids in a crop edge near to a disused railway line compared with Schemes on set aside sown with seed mixtures in several la¨n (counties). http://doc.rero.ch Both common and less common species Carreck & Williams (1997) wildflower patches situated within the field. Pywell et al. (2007) trapped higher abundances and diversity of ground dwelling beetles in crop compared with wildflower strips. Most studies found higher abundances of investigated species groups in wildflower strips compared with sown grass margins without flowers (8 out of 13 comparisons; marginally significant). There are, however, exceptions for groups such as ground dwelling beetles and bugs, with higher abundances in grass margins than wildflower strips , and in other cases no differences were found (Woodcock et al., 2005; beetles; Smith et al., 2008; soil fauna) . Regarding the species diversity of studied groups, only two studies show higher diversity in wildflower strips compared with sown grass margins (Marshall, 2007; Pywell et al., 2007) while four report no difference.
Of the nine comparisons between sown wildflower strips and natural regeneration strips, six found higher abundances in the wildflower strips (Table 4 , non-significant). In some cases, this is not true for all studied years or all groups, and results were not always significantly different between the two strip types. One of the two studies that found higher abundances in natural regeneration showed that abundances in wildflower strips increased over time, while they decreased in natural regeneration . Higher diversity in wildflower strips than natural regeneration strips was shown in three studies out of five (Feber et al., 1996; Meek et al., 2002; Pywell et al., 2005) , but also here the individual results were not always significant.
Four comparisons were made between strips with pollen-and nectar-rich plants and those with a standard wildflower mix (Pywell et al., 2006 Carvell et al., 2007) . Although not significant because of the small number of studies, three out of four report higher abundances in the pollen-nectar mix and two out of three cases also report higher diversities there. One study noted a decline of bumblebees in the pollen and nectar mix after 1 year and an increase in the wildflower strips after 2-3 years .
Comparisons with grasslands are rare, but the abundance and diversity of insects in wildflower strips can be similar to that in extensive grasslands Zurbru¨gg & Frank, 2006) and higher than in conventional grasslands (Aviron et al., 2007a) .
Main pollinators: bumblebees, bees and hoverflies
Pollinators not only ensure crop pollination, but also the pollination of wild plants. Thus, decreasing numbers of pollinators can both adversely affect crop production and threaten wild plant populations (Carreck & Williams, 1997; Aizen et al., 2009) . The importance of restoring habitats for pollinators in intensively farmed landscapes has therefore often been highlighted (e.g. Carvell et al., 2006b Carvell et al., , 2007 Lye et al., 2009; but see Ghazoul, 2005) , and pollinators are mentioned as a target group for AES that include sown wildflower strips. Most studies that deal with pollinator diversity and conservation in field margins focus on bumblebees, bees and hoverflies. In general they show that areas sown with a pollen-and nectar-rich mixture attract the highest number of bumblebees and honey bees (Pywell et al., 2006; Carvell et al., 2007) , but to support overall biodiversity *EP, strips sown as experimental plots; AES, strips sown within agri-environmental scheme. Study includes the insect taxa Coleoptera, Diptera, Heteroptera, Homoptera, Hymenoptera, and Lepidoptera. àIncluding the insect taxa Carabidae, Staphylinidae and Coccinellidae. §Study also includes spiders.
-n = x means that the number of replicates was not clear to us beyond all doubt.
**Study also includes spiders and birds. Study also includes other invertebrate groups.
and because of their longer flowering period, wildflower strips are also beneficial. Lye et al. (2009) underline the importance of considering the provision of both nectar sources and nesting sites for bumblebees. Carreck and Williams (1997) compared pollinator diversity (of bees, bumblebees, hoverflies and butterflies) in plots in the UK sown with two different seed mixtures attractive for pollinators (Tu¨binger mixture from Germany with 12 species and Ascot Linde SN from the Netherlands with five species). Phacelia (Phacelia tanacetifolia) received 87-99% of bee visits, while hoverfly visits could also be observed in high numbers on buckwheat (Fagopyrum esculentum; Polygonales: Polygonaceae), radish (Raphanus sativus; Capparales: Brassicaceae) and white mustard (Sinapis alba; Capparales: Brassicaceae). The benefits of sowing species other than Phacelia were seen as low relative to the costs. In a second experiment, Carreck and Williams (2002) tested a seed mixture of six species: phacelia (P. tanacetifolia); borage (Borago officinalis; Lamiales: Boraginaceae), buckwheat (F. esculentum), cornflower (Centaurea cyanus; Asterales: Asteraceae), mallow (Malva sylvestris; Malvales: Malvaceae), and marigold (Calendula officinalis; Asterales: Asteraceae). This mixture attracted a large number of bees and bumblebees, as well as syrphids and some butterflies. Different insect groups preferred different plant species: Phacelia and Borago attracted most bees and bumblebees, while certain syrphid species were only observed on Calendula (although others were seen on Phacelia and Borago). This seed mixture is both beneficial to pollinators and easy to establish, and by sowing in sequences from early spring to summer it provides a long flowering period.
More recent studies in the UK have focused on the comparison of different types of field margins (Carvell et al., 2004 Pywell et al., 2006) . Carvell et al. (2004) studied bumblebee diversity and abundance in five different margin types over 3 years (margins cropped to the edge, sown with tussock grass, sown with grass and wildflowers, sown with 50% tussock grass 50% grass and wildflower mix, and natural regeneration). There were pronounced differences in the years following establishment. In the first and third year after establishment, bumblebee numbers were highest in the treatments containing wildflowers, whereas in the second year abundances were highest in the natural regeneration margins, because thistles (Cirsium vulgare and C. arvense; Asterales: Asteraceae) grew in larger numbers on two plots and attracted many bumblebees. As a result there was large variation in the pattern of flower visits between years, with over 90% of visits in the first year to C. cyanus, almost 60% in the second year to Cirsium spp., and most to birdsfoot trefoil (Lotus corniculatus; Fabales: Fabaceae) in the last year. Abundances were therefore to a large extent explained by the temporal availability of food resources.
A similar study of bumblebee diversity was carried out by Pywell et al. (2005) , comparing four margin types (conventional cereal field margin, conservation headland, natural regeneration margin and sown wildflower strips) in two areas (East Anglia and West Midlands). Common species dominated the observations. The highest abundances and species richness were recorded in the sown wildflower strips, while natural regeneration margins also contained high numbers of bumblebees but fewer species. As in the study by Carvell et al. (2004) , the main sources of attraction for bumblebees were weeds such as Cirsium spp. The establishment of sown wildflower strips appears to allow management of succession and therefore a way to target plants that benefit bumblebees.
In two later studies, margins sown with plants rich in pollen and nectar (a mixture of agricultural legumes) were also included (Pywell et al., 2006; Carvell et al., 2007) . Both found that these sown strips attracted the highest abundance and diversity of bumblebees, and even rare species such as Bombus ruderatus and Bombus muscorum (Hymenoptera: Apidae) were observed . The pollen and nectar mixture quickly pro- vided very attractive foraging resources, but their combination with more traditional wildflower strips is beneficial because the latter provide resources earlier in the year and are favoured by certain bumblebee species . Pywell et al. (2006) recorded bumblebees in margins in 32 sample squares (10 · 10 km) spread over the whole of England. A comparatively high number of species were observed (nine Bombus species and five Psythirus). Abundances were by far the greatest in the pollen and nectar mix, lower in the sown wildflower strips and very low in the other margin types. Species richness, though, was equally high in the pollen-nectar mix and the wildflower strips. Kohler et al. (2008) tested the effect of flower-rich patches (10 · 10 m) on different pollinator groups (bumblebees, bees, hoverflies) in the Netherlands. These patches significantly enhanced the species density and abundance of bees and hoverflies compared with control plots. Effects on the surrounding areas were also investigated: hoverfly numbers remained elevated at distances of up to 50 m, while the numbers of bees dropped almost immediately at the boundaries of the patches.
Pest control
Aside from ensuring pollination services, a major goal of the establishment of wildflower strips is to benefit the control of agricultural pests by supporting predator species (early work reviewed by Gurr et al., 2000) . Several studies have investigated the abundance predators of pests within and near wildflower strips. Often there is little difference between wildflower strips and other margin types because these species are typically less dependent on floral resources, but the age of the margin and the time of year affect abundance. Pfiffner and Wyss (2004) summarised a large number of studies that show an increased number and diversity of predators in sown wildflower strips, but there is a need to more directly consider the effect of the predators on pest populations and agricultural yield. Buchi (2002) studied the mortality of larvae of the pollen beetle Meligethes sp. (Coleoptera: Nitidulidae), a common pest in oilseed rape, in fields adjacent to either sown wildflower strips or meadows. Total mortality of larvae was high (66-96% depending on the year of study), but parasitism caused only 1-2% mortality and predation only 16-27%, leaving 46-72% unexplained. Larvae in fields adjacent to sown wildflower strips showed a slightly higher rate of mortality due to predation compared with fields next to meadows. Denys and Tscharntke (2002) compared different field margins and fallows on two experimental farms in Germany. The types of margins included natural succession (1 and 6 years old), a mixture dominated by phacelia, wildflower strips sown with 19 plant species and controls sown with cereals. The arthropod communities colonising potted plants of mugwort (Artemisia vulgaris; Asterales: Asteraceae) and red clover (Trifolium pratense; Fabales; Fabaceae) were compared in the different margins and fallows. No differences in arthropod species richness among field margins and between field margins and fallows could be found on the two potted plants. Nevertheless, there were large differences in predator-prey ratios, with much higher ratios in the 6-year-old margins compared with others.
Studies by Oaten et al. (2007) and Sutherland et al. (2001) monitored the abundances of predators of aphids in the UK. Oaten et al. (2007) studied aphid predators that are known to be dispersed by air, trapping Coleoptera, Diptera, Heteroptera, and Neuroptera 1 m above the crop within fields with and without wildflower strip borders. Only early in the season (May) were aphid predators more abundant in fields with wildflower strips than without. The rest of the season there were no significant differences regarding total predator numbers, but certain groups such as Cantharidae (Coleoptera) and Tachyporus spp. (Coleoptera: Staphylinidae) were more abundant in fields with wildflower strips later in the season (June). The presence of aphid predators is most beneficial in spring when aphid numbers are increasing. Sutherland et al. (2001) compared unsown field margins and wildflower areas of different shape within a winter barley field. They found that field margins had a higher diversity and density of aphidophagous hoverflies (Diptera: Syrphidae) than the wildflower patches, even though they contained much fewer flower heads. Among the most common species some showed a distinct affinity to the field margins (Episyrphus balteatus), while others did not (Sphaerophoria spp.). There was no difference in syrphid numbers between single large wildflower patches and groups of small patches of the same total area. Interestingly, the authors found great differences in the results between survey methods (by sight and using yellow traps), as traps are more attractive to some syrphid species than to others.
Remarkably given their potential role as biocontrol agents against crop pests, we know of no studies of the diversity and abundance of parasitoids with respect to the presence of wildflower strips.
Effects on species groups
Beetles. Coleopterans are one of the most studied insect taxa in wildflower strips. In many cases, sown wildflower strips show a greater diversity of beetles than other field margin types or habitats Kromp et al., 2004; Luka et al., 2006; Aviron et al., 2007a) , but some studies have found that beetle abundances are not necessarily highest in the flower-rich strips, and that abundance is more dependent on factors such as vegetation structure (e.g. Woodcock et al., 2005) . Management can also influence beetle community composition, but field margin type is the overriding factor . Woodcock et al. (2005 Woodcock et al. ( , 2007 Woodcock et al. ( , 2008 carried out a series of studies on beetle diversity and abundance in three different field margin types in the UK. In the first year after establishment there were no differences in beetle communities between strips with grass only and those with a tussock and forbs mixture. Both margin types, however, differed from strips with fine grasses and forbs, which had the lowest abundances and species numbers. Thus, adding flower resources did not increase species diversity, suggesting that vegetation structure is more important. The beetles observed were predominantly omnivorous or predatory. No rare species were found during the study, but all margin types included species of conservation value. To benefit overall biodiversity, the establishment of margins of different types including forbs would encourage a diverse phytophagous beetle fauna. In the following year, three different management regimes were initiated (cutting, application of graminicide and scarification of 60% of the soil surface) . In this 4 year experiment, the seed mixture was identified as the most important factor explaining the structure of the beetle assemblage, while management differences resulted in further differentiation of the communities. Only scarification had a positive effect on species numbers. In a further study, seven treatments were compared varying in nutrient application, cutting regimes and aftermath grazing, all on unsown improved grasslands along field boundaries (Woodcock et al., 2007) . The different treatments represented different degrees of vegetation structure complexity. Treatments with minimal management (no fertilising, no grazing, few cuttings) had the highest beetle abundances and highest species numbers.
Studies from Austria and Switzerland show higher species numbers and abundances of beetles in wildflower strips compared with other field margin types or grasslands. Kromp et al. (2004) investigated the carabid beetle fauna in three different habitat types (sown wildflower areas, fallow with spontaneous vegetation, and arable) in the agricultural landscape of the outskirts of Vienna. To enhance biodiversity in these areas, programmes to reduce intensification have been implemented since around 2000. They found that carabid beetle numbers were highest in the sown wildflower strips, and lowest in the arable fields. compared different ecological compensation areas in Switzerland and found that sown wildflower strips contributed to a diverse carabid fauna in arable land. Several species occurred only in sown wildflower strips, with xero-thermophile species and omnivores benefiting in particular. Aviron et al. (2007a) found that carabid species numbers were higher in wildflower strips than in conventional grasslands or wheat fields.
Comparing three different margin types in Switzerland (road verge, improved field margins and sown wildflower strips), Luka et al. (2006) observed that the sown wildflower strips (flower seeds only) had the highest abundances of carabid beetles and typically also the highest species richness. Nevertheless, 'improved field margins' (sown with grasses and wildflowers) offer a habitat for different species and provide an important addition to existing management schemes.
A few studies dealt in particular with the soil macrofauna, which includes many beetle species in the Carabidae and Staphylinidae. Smith et al. (2008) found that sown margins in the UK (with grass only or both grass and forbs) contained more beetle species in soil samples and on average twice as many individuals as the cropped areas. No significant differences in the Coleoptera fauna could be found between margins sown with different seed mixtures. Comparing different management options, scarification affected species composition but did not increase biodiversity; species assemblages in these plots were more similar to cropped fields. Frank and Reichhart (2004) compared species richness and abundances of overwintering staphylinid (46 species) and carabid (20 species) beetles in soil samples from arable and wildflower strips in Switzerland. Species numbers in 1-year-old wildflower strips and arable fields did not differ, but older wildflower strips had significantly more overwintering species and individuals. The importance of wildflower strips and other seminatural habitats as overwintering habitat for arthropods was also pointed out by . The most abundant arthropod groups in the soil samples were Staphylinidae, Carabidae, spiders and chilopods. Semi-natural habitats had high abundances and species richness, with up to five times more overwintering arthropods in the soil samples than arable fields.
Butterflies. Several studies have investigated butterflies (Lepidoptera) in sown wildflower strips and grass margins. In the cases where comparisons were made between different margin types, butterfly numbers tend to be higher in sown wildflower strips (Feber et al., 1996; Aviron et al., 2007a; Haaland and Gyllin, 2010) . Feber et al. (1996) studied different field margin treatments in the UK in relation to butterfly species numbers and abundances. Margins sown with a mixture of wildflower and grass seeds attracted more butterfly numbers and species than unsown margins. Management practice also affected butterflies, with margins left uncut during the summer attracting most butterflies, while cutting in spring, autumn or no cutting at all had no effect on individual or species numbers. In another study from the UK, Field et al. (2005 Field et al. ( , 2007 ) investigated 2 and 6 m wide sown grass margins at three farms in Essex over 4 years. The margins had higher numbers of butterflies (19 species) than control sites without margins (12 species). Some species increased over the period of the study (e.g. the meadow brown Maniola jurtina in 6 m grass margins or the gatekeeper Pyronia tithonus in 2 m margins, both Nymphalidae), but others decreased (e.g. the skippers Thymelicus and Ochlodes in 2 m margins, both Hesperiidae). As a result, grass margins are considered as beneficial for butterflies since they provide larval food plants, but the effects would be greater if the margins also contained adult food sources in the form of wildflowers.
In Switzerland, Aviron et al. (2007a) sampled butterflies in 3 years between 2000 and 2006 in sown wildflower strips, conventional grasslands and wheat fields. A total of 33 butterfly species were recorded, with greatest species richness and abundance in wildflower strips. Habitat type and plant species richness explained a significant part of the variation. Jacot et al. (2007) found the highest butterfly species numbers and abundances in strips sown with grass and wildflower seeds compared with those sown with wildflowers only. Jeanneret et al. (2000) , who studied butterflies and other species groups in different types of ecological compensation areas, found no differences between sown wildflower strips and other landscape elements regarding species numbers. The study was carried out in areas with a poor butterfly fauna, where 66-84% of all individuals belonged to Pieris spp. (small, large and green-veined whites; Pieridae) and in one area even common butterfly species like the meadow brown (M. jurtina) were absent.
Other taxa. Zurbru¨gg and Frank (2006) compared wildflower areas with extensively used meadows and pastures regarding abundance and species richness of bugs (Heteroptera) in Switzerland. Species richness was significantly higher in wildflower areas and meadows compared with pastures. The highest number of predatory bug species and species overwintering in the egg stage were found in wildflower areas. Variation in species abundances could be explained by flower abundance, but not by plant species richness. Both meadows and wildflower areas were good measures to enhance bug diversity.
Two studies on grasshoppers (Orthoptera) found higher species numbers and abundances in sown margins that contain both grass and wildflower species compared with pure wildflower strips or conventional margins (Marshall, 2007; Jacot et al., 2007) . Marshall (2007) investigated five different margin types (sown grass margins, sown grass and flower margins of two different widths, mown grass tracks, and sown wildflower strips) for grasshoppers and crickets. The highest numbers of Orthoptera (species and abundances) were found in 2 m wide margins sown with grasses and flowers. They explain the result by the fact that margins with both grasses and flowers had the highest structural diversity and therefore offered a greater range of food resources and shelter. Jacot et al. (2007) found similar results in Switzerland. Grasshoppers were in some cases 40 times more abundant in margins sown with grass and wildflower seeds than in conventional field margins. Wildflower strips without grasses did not support grassland specialists, while sown wildflower strips including grasses benefit species found in fallows as well as grassland specialists.
Studies comparing wider arthropod communities
There are several studies that compare a number of different taxa across field margin types (e.g. Meek et al., 2002; Marshall et al., 2006; Pywell et al., 2007) . The overall findings are that certain margin types are more attractive to some species groups than to others, but that intensively managed field margins typically have the lowest abundances and species numbers. For example, Pywell et al. (2007) compare five different management regimes for margins (conservation headland, natural regeneration, sown grass margins, sown wildflower strips, and strips sown with pollen & nectar plants) for five different species groups (bumblebees, butterflies, beetles, bugs and spiders) over a period of 4 years. Their work shows that different margin types favour different species groups, but the control areas of intensively used arable land support the lowest numbers of individuals in all groups except ground dwelling beetles (and even this latter result might be related to biases in pitfall trapping due to the greater ease of movement for the epigeal fauna in this more open habitat; Melbourne, 1999) . Bumblebees, butterflies and certain beetle groups (sampled with a vacuum sampler) were most common in pollen and nectar mixtures followed by sown wildflower strips, whereas the numbers of spiders and bugs were similarly high in the plots with natural regeneration and in the grass margins. There was considerable variation between years for all studied groups. Meek et al. (2002) compared diversity in five different margin types (cropped to the edge, tussock grass, grass and wildflower, half tussock -half grass ⁄ wildflower, and natural regeneration). Preferences varied among the studied groups (butterflies, bumblebees, beetles, bugs and other non-insect invertebrates), but margins cropped to the edge had lowest abundances. Overall, not surprisingly, nectar and pollen feeding insects were more abundant in margins with wildflowers. Most beetle species did not show a preference for margins of a particular type, besides avoiding the cropped edge. Different seed mixtures or types of management therefore encourage different invertebrate faunas, and all were an improvement over arable land. Most species observed during the study were common species, which could be due to the fact that the margins were investigated just 1 year after establishment. It is expected that more habitat specific species would colonise with increasing age of the margins. Marshall et al. (2006) investigated different types of sown grass margins for bees and bumblebees, Orthoptera, Carabidae and other species groups (spiders and birds). Most margins were sown with a grass mixture only, but some also contained flowering species such as Leucanthemum vulgare and Achillea millefolium (both Asterales: Asteraceae). The abundance and diversity of bees, bumblebees and Orthoptera were increased in grass margins compared with controls (fields without margins), while Carabidae were not affected. Thomas and Marshall (1999) emphasise the possibility that results of arthropod diversity in field margins can depend on the chosen sampling method. They compared four different types of sown plots (crop, rye grass, grass and flower mixture, or natural regeneration) together with the adjacent hedges and arable field. The analysis of carabids from pitfall sampling showed no significant differences between plot types, while the samples of arthropods from suction trapping showed highest species diversity and total numbers in the hedges and sown wildflower plots. Arthropod diversity was positively correlated with plant species diversity.
Factors influencing insect abundance, diversity or community structure in sown wildflower strips Vegetation. With regard to the vegetation in wildflower strips and other margin types, a number of factors have been identified that influence insect abundance and diversity (Table 2) . Six studies recognised flower abundance as an important factor for the species groups Apidae, Bombidae, Syrphidae and Heteroptera. Plant diversity was proven in two studies to affect species assemblages of Heteroptera (Frank & Ku¨nzle, 2006) , Lepidoptera and Carabidae (Aviron et al., 2007a) . Thus, more studies show insect diversity to be correlated with floral abundance than with plant diversity, and for pollinators it is often a few plant species that are particularly attractive. Vegetation structure had an effect on abundance and on the species assemblage of Heteroptera (Frank & Kü nzle, 2006; Zurbru¨gg & Frank, 2006) and Coleoptera (Woodcock et al., 2005) . The species assemblage of overwintering Staphylinidae and Carabidae was influenced by vegetation cover (Frank & Reichhart, 2004) .
The role of succession and age. Several studies were undertaken during sequential years or in strips of different ages, revealing changes in diversity and abundance over time. Espe-cially where there is little management, vegetation structure and the flowering plant community changes with succession. Two studies from Switzerland showed the relationship between the condition of carabid beetles and the age of sown wildflower strips. Barone and Frank (2003) could demonstrate for the carabid Poecilus cupreus that reproductive condition (measured as the number of ripe eggs in females) increased with age since establishment. Nutritional condition (measured as weight and elytra length) of beetles was higher in 2-4-year-old wildflower areas than in 1-year-old ones. Additionally, both measures of condition were positively correlated with vegetation cover. Frank et al. (2007) studied the density and nutritional condition of five carabids (P. cupreus, Agonum mu¨lleri, Anchomenus dorsalis, Anisodactylus binotatus and Pterostichus vernalis) in the same sites. The nutritional condition of all species increased mainly from the first to second year after establishment of the wildflower strips. The density of A. binotatus increased with the age of the wildflower strips, A. mu¨lleri decreased, while the three others were not affected.
Age also affects the quality of overwintering habitat for beetles (Frank & Reichhart, 2004) . Older wildflower strips had significant more species and greater abundances of overwintering staphylinids and carabids in soil samples than 1-year-old strips. Habitat age can also influence predator-prey ratios, which is important from the perspective of pest control. Denys and Tscharntke (2002) , for example, show much higher predatorprey ratios in 6-year-old margins compared with other margin types.
Several studies show mixed trends, with increases and decreases in abundances of different species over the years (Field et al., 2005 (Field et al., , 2007 Frank et al., 2007) , but others demonstrate a general increase in abundances, as in Luka et al. (2006) for bugs and cicadas and Jacot et al. (2007) for butterflies and grasshoppers. Changes in community structure in 4-year-old compared with 1-year-old wildflower strips have been noted by Frank and Ku¨nzle (2006) . Total species richness and abundance of bugs did not differ between wildflower strips of different age, but the number of predatory bugs increased and communities became more dissimilar over the years. Carvell et al. (2004) could show that the attractiveness of certain margin types varied between years as a result of the availability of different food resources, and large variations in flower visits were observed between years for the same bumblebee species. In summary, it would appear that leaving wildflower strips in place for several years and ensuring that strips of different ages are available would provide the greatest overall benefits for biodiversity.
Landscape factors. The impact of landscape context on species diversity in sown wildflower strips is highlighted by several studies (e.g. Jeanneret et al., 2000 Jeanneret et al., , 2003 Pywell et al., 2006; Aviron et al., 2007a; Heard et al., 2007) . Aviron et al. (2007a) found that butterfly species richness was negatively correlated with the percentage of the surrounding landscape (in a 200 m radius) that was devoted to crops. Butterfly abundance was positively related to the cover of both sown wildflower strips and of extensively managed grasslands. Beetle abundances, on the other hand, were only related to the cover of sown wildflower strips.
In the large-scale study of Pywell et al. (2006) in the UK, bumblebee diversity was positively correlated with landscape heterogeneity. Heard et al. (2007) focused in particular on the effect of the size of foraging patches and of the surrounding landscape characteristics on bumblebee abundances and diversity. The patches had a size of 0.25, 0.5 or 1 ha and were sown with a mixture of legumes and grasses, at eight sites across England. Bumblebee abundances were significantly higher in the sown patches than in control patches and increased in proportion to patch area. Bumblebee numbers increased with an increasing percentage of arable in a radius of 1 km around the patch, because of the resultant decline in alternative resources in the surrounding landscape. Kromp et al. (2004) , on the other hand, found that colonisation of newly established wildflower areas by beetles seemed to be rather similar in the entire study area even though parts of the landscape were more heterogeneous than others.
Discussion
It can be concluded that sown wildflower strips support higher insect abundances and diversity than cropped habitats. A general exception is ground dwelling beetles, which prefer cropped areas (with some caveats due to the possibility of trapping biases). Insect abundance and diversity tends to be greater in wildflower strips than in sown grass margins and natural regeneration, but greater still in pollen and nectar mixes. For bumblebees and bees in particular, strips sown with plants that are rich in nectar and pollen are more attractive. In the few published contrasts, sown wildflower strips have comparable insect numbers and diversity to that in extensively used grasslands, despite the fact that they are recently established habitats Zurbru¨gg & Frank, 2006; Aviron et al., 2007a) . A number of studies indicate that it is predominantly common species that were found in sown wildflower strips (e.g. Meek et al., 2002; Pywell et al., 2005) : this management scheme is thus not a panacea for rare and endangered species. As a whole, it can be argued that sown wildflower strips are a successful measure for insect conservation in agricultural areas, in that insect abundances and diversity can significantly be enhanced on arable land by providing additional resources or habitat. There is the question, however, of the extent to which populations within the wildflower strips are dependent on other nearby habitats as sources, as can be the case for field margins and semi-natural grasslands (Ö ckinger & Smith, 2007) . To properly address this it would be necessary to make inventories in nearby habitats and before the establishment of wildflower strips. Nevertheless, in intensively used agricultural landscapes, wildflower strips can be the most suitable habitats for many insects. The fact that it is typically common species that profit from wildflower strips does not necessarily diminish their importance, since even these species are in decline in intensively used agricultural landscapes. Sown wildflower strips can thus fulfil an important function in preventing further losses of these species.
Schemes
An increasing number of countries offer schemes to promote sown wildflower strips or areas. The overall aim is to enhance biodiversity in intensively used agricultural areas and in particular to favour certain insect groups for their role as pollinators and predators. The design, management, extent of subsidy, and general conditions for farmers -as well as whether schemes are voluntary or obligatory -vary considerably between countries. A comparison of the details is, however, not easy because the relevant documents and regulation are either difficult to obtain or are only available in the national languages.
In principle three different approaches can be distinguished: wildflower strips sown with both flower and grass seeds, wildflower strips lacking grass species, and strips sown with flowers particularly rich in nectar or pollen. Regarding management, most countries advise the cutting of wildflower strips once late in the year, sometimes on a rotational basis. An exception is Switzerland, where the majority of wildflower strips are left unmanaged for up to 7 years. Different countries seem to have chosen different approaches, while some, such as the UK, offer a great variety of schemes. In Switzerland, unmanaged sown wildflower strips with a standard seed mixture of 26 flowering plants have been established for many years. Nevertheless, it has been realised that some groups prefer other seed mixtures and, as a consequence, a new scheme is now being introduced ('improved field margins', with 36 plant species and annual mowing). Why a certain scheme is designed in a certain way with a particular seed mixture in a specific country is not always clear. In any case, the conclusion that overall insect diversity is promoted by the combination of a variety of different schemes for sown margins needs to be taken into account (e.g. Meek et al., 2002; Woodcock et al., 2005; Luka et al., 2006; Carvell et al., 2007) .
Implications for the design of wildflower strips
To enhance insect diversity in intensively used agricultural regions, it would be advisable to change in many cases from simple grass buffer strips to wildflower strips. That a rapid increase of wildflower strips in the landscape is possible is shown by the examples of Switzerland and Austria.
Several studies have demonstrated that different insect groups prefer different types of sown margins (e.g. Meek et al., 2002; Pywell et al., 2007) . To promote overall insect diversity it therefore seems beneficial to combine at least three different types of scheme:
1 margins sown with wildflower mixtures only, 2 margins sown with grass seeds and wildflower seeds, 3 margins sown with pollen-and nectar-rich plants.
Regarding management, insect biodiversity tends to be greater in sown margins with low intensity management (Feber et al., 1996; Woodcock et al., 2007; Sheridan et al., 2008) . In most cases this is requested in schemes, typically in the form of one cutting in winter and no herbicide or insecticide treatment. The question remains as to whether no management at all -as is often practiced in sown wildflower strips in Switzerland -is optimal. A disadvantage is that successional changes happen very quickly, with the invasion of grasses and weed species and a decrease in the sown wildflower species. On the other hand, a landscape containing these unmanaged strips is diverse, since strips of all ages co-occur. In addition, the complex structure of these strips provides undisturbed overwintering habitats. A good solution would probably be to recommend that farmers cut some of the wildflower strips in winter and leave others unmanaged.
Wildflower strips have been described as a flexible tool to enhance insect diversity (Thomas & Marshall, 1999) , because the strips are relatively easy to establish or to remove by ploughing. Several studies have shown an increase in insect abundances (Denys & Tscharntke, 2002) or in the condition of individual species (Barone & Frank, 2003; Frank et al., 2007) , in particular more than 1 year after establishment. This means that older wildflower strips will contribute more to insect diversity than new established strips. Schemes that offer subsidies for sown wildflower strips that are ploughed up again after only 1 or 2 years (as for example exist in Germany) are therefore not optimal. When sown wildflower strips are not managed, however, their value eventually decreases due to succession and the strips have to be ploughed and established again. Again, an optimal solution would be the establishment of a rolling program of mowing such that a mixture of strips of different ages is found in a given environment.
Several studies noted that common species were the main beneficiaries of the presence of sown margins (e.g. Meek et al., 2002; Pywell et al., 2005) . This, together with the fact that a number of studies show an influence of landscape factors on species diversity in the wildflower strips, indicates that their success in increasing insect biodiversity has its limits. Wildflower strips can, of course, only become a habitat for species that are able to colonise them, so that dispersal ability and landscape structure interact to determine the benefit to individual species. As a result, sown wildflower strips might often represent an instrument to enhance or preserve insect species that are rather widespread and common in agricultural landscapes. Nevertheless, these species too have seen their habitat decline in intensively used areas.
That rare species can also benefit from wildflower strips is demonstrated by the case of the mallow skipper (Carcharodus alceae; Lepidoptera: Hesperiidae). It is a threatened species in Switzerland, but due to the fact that its larval food plant (Malva) is part of the standard wildflower seed mix, the species has become much more abundant (Wermeille & Carron, 2005) . In a similar way, the swallowtail (Papilio machaon; Lepidoptera: Papilionidae) uses Pastinaca (Apiales: Apiaceae) in the sown wildflower strips as a larval food plant. This shows that the success of wildflower strips can be enhanced by a careful selection of the sown species to benefit particular target species. The seed mix should also be tailored to provide resources for all life history stages, for example, larval host plants and adult nectar sources in butterflies.
An important aspect for the conservation of species, and especially of those that are less mobile, is that wildflower strips can serve as corridors to connect isolated habitats. Thus, the geographical arrangement of strips should be carefully planned.
There is, however, a lack of research testing this specific function, despite the fact that the creation of networks is often cited as a motivation for such AES.
Finally, the success of certain AES including sown wildflower strips is dependent on their acceptance and popularity (especially where schemes are voluntarily). In that perspective, sown wildflower strips seem to be appreciated by farmers and the public compared with other margin types (Marshall & Moonen, 2002) . Mante and Gerowitt (2007) , for example, found that farmers preferred field margins that can be sown with a particular seed mixture (both grass and wildflower mixtures) compared with margins with natural succession. Jacot et al. (2002 Jacot et al. ( , 2007 found that both farmers and the public had a positive attitude towards sown wildflower strips. It seems therefore that wildflower strips, by careful choice of seed mix and management, can successfully combine roles in human amenity, ecosystem services such as pollination and pest control, and conservation.
